 Abstract-The aim of this paper is to study the influence of Acacia mangium on slope stability in forest area with some landslide failure. There are a lot of shallow landslides on the East-West highway in Penang, Malaysia. In this study, root distribution of four samples of Acacia mangium was studied in rainforest, Perak, Malaysia, with the purpose to raise our knowledge on RAR (the proportion between the area occupied by roots in a slice area of roots) relevant to depth. Trenching method was used to investigate RAR, and then in each 10 cm layer the number of roots in each root diameter classes was counted. Results indicate that the root area ratio (RAR) decrease with depth, and the highest amount of RAR is located in the first layer. Also, about 35% of roots located in the first 10 cm layer and about 90% of all roots were in the fine diameter root class ( < 2 ). There is a significant difference between RAR and depth in 0.05 levels. The number of fine roots ( is more than the number of thin roots ( , but the amount of RAR is more in the thin roots. Therefore RAR is more affected by thin roots rather than fine roots. The results develop the knowledge about bioengineering characteristic of root systems of tropical species.
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I. INTRODUCTION
Shallow landslides and slope failure are serious problems around the world, including in Malaysia, where bare soils are assailable to failure through intensive rainstorms [1] . The occurrence of shallow landslide in Malaysia is partly because of non-seasonal and high rainfall. For example, the East-West Highway, which is one of the major roads in the northern part of Peninsular Malaysia. There are some shallow landslides. (See Fig. 1) . Recently, for preventing natural and man-made hazards, eco-engineering strategies have been defined to manage a site [2] .
Plants protect the surface from rain plash and their roots help to bind the soil [3] . When an area of a slope is cleared of vegetation, there is a gradual decline in soil strength due to root decay over time and the loss of evapotranspiration effects [4] . Intrinsically, defined type of plants is better suited than others for specific stabilization objectives [2] . Along a potential slip surface, vegetation (trees) depending on their location, can however prevent or promote slope stability.
Root systems have two principal functions: procuration based resources from the soil and the provision of stability to maintain the plant upright structure. For these functions both fine and coarse roots contribute in their own way. For this purpose, fine roots absorb based resources from the soil and resources are transported to the shoots by coarse roots. Mainly, coarse roots provided stability. The differentiation in coarse, fine roots and woody roots is mainly based on their diameter [5] . Ref. [6] stated that "a large number of small roots will contribute more to soil reinforcement as compared to a small number of thick roots".
The roots are strong in tension, while soils, on the other hand, are weak in tension, and strong in compression. Soil reinforcement is a combined effect of soil and roots. When shearing the soil, because of shear stresses that develop in the soil, roots mobilize their tensile strength in the soil matrix and then shear stresses are transferred to the tensile resistance of the roots or via root along [6] .
It has been defined that there is a near connection of root system resistance instant with the root number, in addition to the changes in diameter and root angle [7] . Roots can extend between 10-20% before breaking whereas soil can stretch less than 2% before breaking [8] . It is commonly accepted that roots are strong in tension but fragile in compression [1] , [6] . Conversely, soil is strong in compression but fragile in tension [1] , [6] , [9] , provided that actually a key reinforcement to landslide prone in slopes. Thus the existence of roots in the soil creates a reinforced matrix in which stress is moved to the roots through the loading of the soil in a way that is parallel to the reinforcement of concrete structures by steel and fiberglass [1] , [10] .
Many research showed that the higher tensile strength is produced by the finer roots [6] , [11] . Therefore, a large number of fine roots would fix the soil more efficiently than a small number of coarse roots. During slope failure, fine roots tend to break but stay in their position in the soil particles, whereas coarse roots tend to slip out of the soil [12] . Root density and tensile strength are the most important keys for analyzing root-soil assessment, and also for soil erosion control projects [1] . Soil shear strength increases linearly with increasing soil mass. Plant roots play an important role in stabilization of slopes and erosion control [12] .
Root Area Ratio (RAR) has been used as an indicator of root density by several authors [1] , [13] , [6] , [7] . Ref. [14] mentioned that reinforcement may be resulting from an upsurge in the Root Area Ratio at the shear plane.
Root Area Ratio has been reported by a lot of authors as a part of slope stability in their research. Ref. [15] Investigate root distribution and root area ratio on some of species in Southern Alps, France. The results showed that the number of roots decreased with depth and in the upper 200 mm of soil surface the largest part of root system biomass was observed. Also RAR values decreased with depth regarding rooting depth, as for shrubby plant (Genista cinerea) the amount of RAR in the soil surface was 0.053% and at 60 cm soil depth, it declined to 0%, while RAR for Pinus nigra reached 0.015% at the soil surface and 0% at a depth of 40 cm. Ref [16] showed that the amount of RAR declined with depth in some of forest species in the Italian Alps.
Ref. [17] investigated RAR values in different two species on slopes on semiarid Plateau of China. The results showed that the value of RAR in Robinia pseudoacacia stands was higher than the amount of RAR in Platycladus orientalis stands, and also the amount of RAR decreased with soil depth and the distance from tree stem.
In the present study, the effect of the other root properties such as root architecture not considered as it was not the study objective.
One of the limiting factors in the use of technology of environmental engineering is lack of knowledge about the characteristic of the root systems. Upgrading the knowledge about root systems such as root distribution which is the important key in soil reinforcement, can be useful for selecting plants in soil erosion control projects.
The main purpose of this research is to study the effect of Acacia mangium on slope stability, and also investigate the root area ratio as a function of root reinforcement on shallow landslide and slope stability in one of the important highways in Malaysia.
II. MATERIAL AND METHODS

A. Study Area
The study area is located on the East-West Highway. This is one of the major roads in the northern part of Peninsular Malaysia between N 05 27′ 32.0″ E 101 07′ 42.3″ to N 5 42′ 11.15″ E 101 49′ 54.74″. The length of the highway is about 119 km and links two districts namely Gerik in Perak and Jeli in Kelantan. The climate of the study area is humid and an annual mean precipitation is about 1957.5 mm. The altitude is 283 meter above the sea. The type of soil is sandy, clay and loam and the lithology consist of Schist, phyllite, slate and limestone.
Acacia mangium is a fast growing species [18] , [19] during a period of 10-12 years [19] . This species is used in Agroforestry project because it is from Fabaceae family and it is able to fix nitrogen in the soil, and the other plants can profit of the nitrogen fixation [21] . Due to Acacia mangium tolerate different kind of soils and also can grow on a low fertility soils, it cultivate in mixed cultures. Acacia mangium produce and develop intensive rooting systems, especially in low fertility soils [22] and help to improve despicable tropical sites [20] .
B. Sampling Method, Collecting and Analyzing the Data
Root area ratio or index of root area is an amount of rotting mass in a soil [16] . Root area index is defined by measuring the number of roots in different diameter classes in cross-sectional area of soil exposed on a vertical face of soil [6] .
In this study, trenching method was used to analyze root distribution. Four trees with the average 27 cm in Diameter Breast Height (DBH), and also the distance between samples was about 3 meter was selected. The soil condition in the samples was the same, then at each tree, one trench was dug at a distance of 25 cm from the stem and the profiles were 50 cm long×50 cm depth [17] (See Fig. 2 ). Then, on the vertical profile walls, layers of 10 cm thick were separated, and roots to be counted in different root diameter classes by digital caliper [23] , i.e., 0-1, 1-2, 2-5, 5-10 mm and >10 mm. The two first gropes will classify as fine roots, and the two second ranges being presented thin roots. After that the amount of RAR distribution with soil depth for all the root diameter classes was considered.
The RAR is the sum of roots area in the profile wall, divided by a ratio of soil area, A w [24] .
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Area of roots was calculated by:
where is the diameter of the root in millimeters [1] . ANOVA was used for analyzing the RAR values between soil depth and root diameter classes, also curve estimation was used to investigate existence mathematical function between RAR and soil depth. The software SPSS 20 was used for analyzing the data.
III. RESULTS
The amount of RAR shows variability with depth.
Totally RAR values decrease with depth. Generally the maximum RAR values are located in the first layers. The minimum and maximum RAR values are 0.68% and 19.85% in the root diameter 2-5 mm (See Table I ). Some mathematical functions to be used for analyzing the function between RAR and soil depth, where not only the highest R square ( but also a low standard error of estimation, then exponential is accepted (See Table II ; Fig.7 ). Also for investigating the correlation between RAR and soil depth, Spearman correlation was used. The result shows that there is a significant correlation between RAR and soil depth ( . The results indicated that the number of roots decline with depth regarding to the root diameter classes (See Fig.  3 ). The RAR values show a great difference in soil depth and roots with diameter 2-5 mm were generally responsible for the highest amount of contribution to RAR values (See Table I ; Fig. 4) . The RAR value in fine roots ( and thin roots ( decline with depth regularly, but in the diameter 2-5 mm, the RAR values decline on to the 40 cm and after that increase again. Regarding to the root diameter classes, the highest RAR value was in the diameter class of 2-5 mm and the lowest RAR values belong to the size class of 0-1 mm (34.91%, 6. 32% respectively).
The results indicate that the number of fine roots is more than the number of thin roots, but the amount of RAR is much more in the thin roots rather than fine roots. The overall trend between RAR percentage and soil depth was shown in the Fig. 6 . One way ANOVA was used to analyze relationship between RAR and soil depth. The results show that there is significant difference between RAR and soil depth. Multiply comparisons were done by Tukey, and the results show that the significant differences are between the first layer (10 cm) and the 40 cm and the last layer, and there are not significant differences between the other layers. Soil reinforcement due to the roots is influenced by numerous variables, including root systems such as root distribution with depth, root distribution over different root diameter classes and root tensile strength [6] , [15] [14], [25] , [7] . Root reinforcement is a function of root strength and root distribution within the soil and directly effect on slope stability. In comparing to tensile strength, the root area ratio was significantly more important in soil shear resistance.
The amount of RAR values are powerfully influenced by both local soil and climate characteristics and genetic [16] . The amount of RAR decline with depth in this study as the other author mentioned [1] , [6] , [16] , [17] . In the present study, there is a significant difference between RAR and soil depth in agreement the other researchers [15] . Because of decrease in aeration and nutrients with depth, and also the presence of bedrock in the lower layers, the amount of RAR values decline with depth [16] . The maximum RAR values were located in the first 10 cm layer, and an exponential function there is between RAR and soil depth. Ref. [26] mentioned that, Roots, in fact, tend to grow near the surface because of the richness of nutrients, water and gases. Nonetheless, plant roots can run very long in depth (meters below soil surface) if the above factors are limited in shallower layers, but their density dramatically decreases with depth.
The results also show that the number of roots decline with depth. The number of fine roots ( is higher than the number of thin roots ( , but the RAR value is more in the thin roots. Then root diameter rather than root number has much more influence on root area ratio [17] .
About 90% of roots, in this study, belong to fine roots ( . Ref. [27] mentioned the positive correlation between fine roots and soil reinforcement. There is a negative correlation between root tensile strength and root diameter which the highest tensile strength cause by fine roots [16] , [12] , and tensile strength is one of the important key in soil reinforcement by root.
During slope defeat, the vegetation roots anchor the sliding bulk to prevent further movement. Then the presence of roots grips the soil against the sliding and shallow landslide. One of the parameter that shows how roots can grip the soil is root area ratio. In this study the maximum RAR values was 34% and the minimum RAR value was about 6% , while the maximum RAR value in Ref [1] was 6.64% and Ref. [16] got the maximum RAR of 0.35%. Also, Ref [24] mentioned that soil shear strength increases linearly with increasing root mass, and root reinforcement is a function of root distribution within the soil. RAR should be in the highest amount in the slip surface for slope stabilization [12] .
Due to the number of shallow landslide that occurred in this area, there should be researches like this in the area for analyzing the capability of existence trees and vegetation in the site for preventing shallow landslide and can be useful when selecting plant species for erosion control.
